-INTRODUCTION
Coastal dune and estuarine system are widely spread along the European Atlantic coast from the Andalusian coast (Ménanteau, 1979) to the North-West of the Jutland peninsula (Clemmensen et al., 2001) , via the coasts of the British Isles (Pye & Allen, 2000) . Case-studies from the coastal zones of the North Sea ( Van de Noort, 2004) of the English (Rippon, 2002) and the French Channel (Meurisse-Fort et al., 2009; Lespez et al., 2010) and of the Bay of Biscay (Roussot-Larroque, 1994; Mellallieu et al., 2000) illustrate the high potential of geoarchaeology and landscape archaeology of these coastal environments for palaeogeographical reconstructions over the past 7000 years.
Among an abundant literature and contrary to the geoarchaeological studies conducted around the Mediterranean area (Morhange & Marriner, 2009 ), very few geomorphological, stratigraphic and geoarchaeological data were analyzed for arguing and discussing coastal risk in the past. Similarly, it seems that the exploration of the link between coastal dynamics and human societies along the European Atlantic coast in terms of coastal risk was of little interest for coastal palaeoenvironmental reconstruction. Only the southern part of the European Atlantic facade has been truly investigated in terms of palaeorisk in relation with the historical records of the famous 1755 Lisbon earthquake and the identification of palaeotsunami deposits in the region of Algarve, Southern Portugal (Font et al., 2013) . Thus the aim of this paper is to demonstrate the relevance of combining a geoarchaeological approach and a risk approach to better characterize human societies and landscape evolution in European Atlantic sub-region.
-SOURCE DATAS, METHODS AND CONCEPTS

-GEOGRAPHICAL AND CHRONOSTRATI-GRAPHIC SETTINGS
Recent research as part of the LITAQ project has targeted an area between Soulac-sur-Mer and Grayanet-l'Hôpital ( fig. 1 ) in order to establish a detailed chronostratigraphy supported by multiple dates. The results provide insight into the changes that occurred A/ Location of studied sites along the west coast of the Médoc peninsula (Sources: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, Swisstopo and the GIS User Community). B/ Detail of the historical map "Carte du premier quarré de la Generalle de Médoc et d'une partie de la Guienne et de la Saintonge", surveyed and drawn by C. Masse in 1707 (Source: Institut National de l'Information Géographique et Forestière).
Fig. 1 : Cartes de localisation du secteur d'étude. A/ Localisation des sites d'étude le long de la côte océanique de la péninsule médocaine (Source : Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, Swisstopo and the GIS User Community). B/ Détail de la « Carte du premier quarré de la Generalle de Médoc et d'une partie de la Guienne et de la Saintonge », levée et dessinée par C. Masse en 1707. (Institut National de l'Information Géographique et Forestière).
in what is now a coastal environment. They cover all the periods of human settlement in this unusual milieu between the end of the Pleistocene and late Antiquity when the present-day dune massif formed.
The earliest sedimentary formations (Pleistocene) crop out south of the study area between the headland of La Négade and L'Amélie. The strata tilts northward and most of the outcrops on the beaches of L'Amélie and La Glaneuse date from the Holocene ( fig. 2A) . The lowermost strata are the "Argiles du Gurp" that can be attributed to a brine pond or estuary channel type of depositional setting. The upper part of this formation corresponds to the gradual decline of marine influences and the transition from a tidal environment to a freshwater pond (Bosq et al., 2019) in an interglacial climatic context. It was in this environment that the elephant Paleoloxodon antiquus lived, numerous remains of which have been reported since the nineteenth century. The discovery by beachcombers during the course of the program of isolated molar, tusk and vertebra provided an opportunity to revise the dating of the clay formations from which they came from (Beauval et al., 2019) . New IR-RF and ESR dates for the formations in the sector suggest the "Argiles du Gurp" date to the Holsteinian or MIS 11 (424-374 ka). However, certain inconsistent datings in the stratigraphic series rule out any firm and final conclusions as yet.
At the end of this interglacial period (MIS 11-9-7 or MIS 5), the "Sables du Gurp" (or "Sables de l'Amélie") progressively filled the marshland in a periglacial, low sea-level, estuarine-deltaic setting. The base of the formation displays convolutions and cracks that are Description of units U1 to U5 (according to Stephan et al., 2019) . Unit 1: base of the sedimentary sequence. Unit 1a/ 2 m-thick compact dark-green clay attributed to the "Argiles du Gurp" Pleistocene formation. Unit 1b/ Gravelly sandstone (colluvial material) locally referred to as "Grès de l'Amélie". Unit 2: first stage of the Holocene estuarine sediment infilling of L'Amélie and La Glaneuse beaches. Unit 2a/ Medium to coarse sand deposit, dated to ca. 7290 cal. a BP and interpreted as the gradual infilling of a large tidal channel named the 'Soulac channel'. Unit 2b/ Silty sand layer containing rootlets dated to 7420-7180 cal. a BP (early Neolithic). Unit 3: intertidal estuarine sediments interpreted as a first generation of estuarine deposits (late Neolithic to the early Iron Age). Unit 3a/ Sandy-silt at the base of the unit to a clayey-silt formed in an intertidal mudflat environment behind a progradational dune barrier. Unit 3b/ Dark organic-rich clayey-silt to silty sand corresponding to a late Neolithic high marsh environment. Unit 3c/ Humate-impregnated black sandstone ('alios'). Unit 3d/ Thin layer of reworked lithoclasts ('alios gravels') with similar sedimentological characteristics to the unit 3c. Unit 4: clayey-silt deposit interpreted as a second generation of estuarine mudflats (ca. 2700 to 1250 cal. a BP). Unit 5: organic-rich clayey-silt, interpreted as a salt marsh deposit (ca. 2500 to 1070 cal. a BP). This unit was buried by aeolian sand supplies. Stéphan et al., 2019 attributed to cryoturbation. Seismic phenomena might also have come into play and caused such deformations by sand liquefaction.
Fig. 2 : Carte de localisation des sites archéologiques et des différentes unités sédimentaires à l'affleurement (A) et image satellite Google Earth offrant une vue générale des traits morphologiques de la plage de l'Amélie-Nord (B). Description des unités U1 à U5 (d'après
Further north, at L'Amélie, the clays are overlain by the "Grès de l'Amélie", a formation of indurated clayey sands ( fig. 3A) . These are overlain by bluish clays of the same nature and very similar depositional facies. In addition to ligneous debris, they include archaeological material and mollusc shells in life position that date the L'Amélie formations to the late Holocene (Stephan et al., 2019) . These initial settlements of the middle and recent Neolithic were located on both sides of a tidal channel occupying the centre of the beach and that began to fill with sediment in the fifth millennium BC.
This tidal channel evolved into an estuarine marshland protected by a line of dunes and underwent two phases of sedimentation: one between 3000 and 1500 BC (recent Neolithic-Bronze Age) and one between 800 BC (early Iron Age) and AD 300 (late Empire). These two periods of marshland generation were separated by an erosional phase between 1500 and 1000 BC (middle and late Bronze Age). From AD 300 to 700, the marshland was gradually covered by aeolian deposits that formed the base of the present-day dune system (fig. 3B).
On the La Lède du Gurp site, just south of the local authority boundaries of Soulac-sur-Mer and Grayan-etl'Hôpital ( fig. 4A ), a residual butte is currently visible in the intertidal zone (Faye et al., 2019) . It is the last remaining part of the archaeological site excavated in the 1990s. New sedimentological investigations as part of the LITAQ project (and the subsequent FAST LITAQ project between 2016 and 2018) have revealed an exceptionally thick series of peat to clay-peat deposits of the last 10,000 years that may be of karstic to thermokarstic origin (Faye et al., 2019) (fig. 4B ). This material also exhibits a very rich collection of archaeological artefacts indicative of still discreet occupation in the Mesolithic and early Neolithic (8 th -6 th millennium BC) and that grew denser from the middle Neolithic until the middle Bronze Age (5 th -2 nd millennium BC) (Verdin et al., 2018; Verdin et al., 2019) .
-A STRONG CORRELATION BETWEEN HUMAN OCCUPATIONS AND ENVIRONMENTAL CHANGES
Archaeological investigations have also made it possible to go beyond the chronological definition of the main phases of occupation by linking them to environmental changes and explaining the intense use of these wetlands through the exploitation of specific resources. The periods when archaeological evidence is most numerous correspond to the two phases of sedimentation of the dune barrier marshes, the first phase extending from the Middle Neolithic to the Middle Bronze Age (ca. 5000/1200 BC), the second from the Iron Age to Roman Antiquity (ca. 800 BC/AD 200).
The exploitation of sea salt appeared to be the predominant activity both in the Neolithic and in the early Iron Age. As early as the 4 th millennium BC, many pits containing wooden structures were used as water catchment wells, settling tanks or brine storage tanks (Verdin et al., 2019, figs. 7-10, 14-16) . The brine was then evaporated or heated to reduce it to salt breads. These discoveries are part of a context of salt production well known since the Neolithic period throughout Europe (Cassen & Weller, 2013) . On the Atlantic coast, the presence of many fragments of salt moulds discarded in the Neolithic enclosures around the Marais Poitevin shows the importance of the production of this resource within the framework of social competition between the communities (Ard & Weller, 2012) . Neolithic capture and storage structures located as close as possible to the source of supply have so far been rarely identified because they are often sealed under thick sediment fillings. The hypothesis of the use of Lower Médoc wooden and wattle constructions for salt production is supported by the discovery of similar remains in Iron Age or Roman period salt workers' workshops in estuarine environments, either in France (Weller & Desfossés, 2002) or in the United Kingdom (Cranstone et al., 2018) .
The second phase of intensive exploitation of the salt resource corresponds to the Early Iron Age (700-400 BC). Techniques change and brine is now heated in kilns whose destruction leaves a lot of briquetage debris ("augets", pillars and others clay pieces) (Verdin et al., 2019, figs. 19-20) . The blooming of these workshops in the Iron Age is well documented along the Atlantic coast, especially in ecosystems similar to those of the Lower Médoc, as ancient marshes of Rochefort, Brouage, or the Marais Poitevin (Maguer et al., 2011) . The landscape is also subject to development, as shown by the existence of a bridge or pontoon crossing a palaeochannel in the Amélie (Verdin et al., 2019, figs. 17-18) .
Between these two periods, the Bronze Age constitutes a break in the process since salt production seems to have been interrupted. Sedimentary formations remain difficult to perceive because of the scarcity of archaeological evidence. However, some deposits of bronze axes and ceramic remains testify to a continuous use of the marshes in the Early and Middle Bronze Age (2300-1200 BC), while the remains of the Late Bronze Age are non-existent (1200-800 BC). This raises the question of the impact that environmental changes could have on human activities. The same applies to the second Iron Age (400-50 BC), a period when all archaeological indicators disappear.
The Roman period (50 BC-AD 200) again appears as a phase of intensive use and frequentation of the marshes. Salt is probably produced using other techniques that have not left any traces (salt marshes?; Daire, 2003) . The presence of oyster deposits in several palaeochannels suggests that they were collected for food. These molluscs were highly appreciated and widely consumed at all sites during this period (Bardot-Cambon, 2013 ).
-A FRAMEWORK TO PROVIDE A TEMPLATE SUITABLE FOR PALAEO-RISK ANALYSIS
This multidisciplinary research finally provides the possibility of testing the direct correlation between the A/ Longitudinal view of the beach profile (north oriented) showing the Pleistocene sand terraces (unit 1b, locally referred to as "Grès de l'Amélie") that dominate a thick compact dark-green clay attributed to an estuarine mudflat (unit 1a). A significant retreat of the overlooking dune front escarpment made possible the description of 28 sections (here between section 22 et 25) and the subdivision of the dune sequence into five aeolian sands units, separated by three layers of palaeosols or organic-rich sediment (dark lines) (photo: Y. Ceinturet, April 9, 2016). B/ Cross-sectional view of the upper foreshore of AML-N-001 where the sandstone sands of the Amélie (unit 1b) are exposed at the foot of the dune. Oval archaeological structure (ST1) in the process of clearing its clay-sand filling horizon (unit 6) (photo: M. Seutin, March 22, 2015). Gurp (unité 1a pattern of human settlement and palaeoenvironmental evolution. While human pressure on these wetlands was almost constant, phases of change in sedimentary dynamics and chronological gaps in the archaeological evidence raise questions about human and biophysical conditions (dynamics factors) that determined the sensitivity of the coastal coupled human-environment system to any set of exposures (Turner et al., 2003) ( fig. 5 ).
Fig. 3 : Morphologie et marques d'occupation ancienne de la plage de l'Amélie-Nord. A/ Vue longitudinale vers le nord du secteur méridional (AML-N-001) de la plage de l'Amélie montrant la surface des sables gréseux indurés, appelés "Grès de l'Amélie" (unité 1b), érodée et entaillée en micro-falaise au-dessus des argiles compactes vert foncées du
In that context sensitivity refers to the degree to which the coastal system undergoes changes due to natural forces -tides, waves, floods and storms -following human interference whereas exposure is the extent to which the system is physically in harm's way by processes operating at different spatiotemporal scales: in place (e.g. coastal erosion), beyond place (e.g. atmospheric and/or oceanic circulation) and cross-scale (e.g. climate worsening). The two concepts of sensitivity and exposure have been widely recognized and used as key components of risk analysis in both the vulnerability and resilience literatures. While vulnerability and resilience researches continue to appear as complementary and sometimes conflicting concepts (Miller et al., 2010) , the concept of adaptive capacity that describes in simple terms, the ability to adapt, has begun to receive more attention in both literatures (Carpenter & Brock, 2008; Pahl-Wostl, 2009; Engle, 2011) . Because of its unique position as being shaped by human actions and as influencing both the biophysical and social elements of a system, adaptive capacity is considered critical for reducing vulnerability (Eakin & Luers, 2006) . Figure 5 illustrates how adaptive capacity plays a critical role in determining vulnerability by moderating exposure and sensitivity (Yohe & Tol, 2002; Adger et al., 2007) .
This work takes a fresh critical look, then, at the dynamics of the use of space and exploitation of natural resources in the northern Médoc through environmental change in the past focusing on assessing adaptive capacity and resilience within one particular coastal system. This conclusive and prospective paper marks out a path for future research on the Aquitaine coastline and the challenges facing it.
-THE NATURAL RISK-BASED APPROACH FOR PROVIDING COMPLEMENTARY INFORMATION TO THE PALAEOENVIRONMENTAL INVESTIGATION METHODS
-ATTRACTIVENESS OUTWEIGHING ENVI-RONMENTAL CONSTRAINTS
The Médoc peninsula is peripheral to the present-day settlement centres of the Aquitaine Basin and to the major national and international movements of people and goods. This has not always been the case and the discovery -from the early 1960s (Roussot-Larroque, 1994) The components of vulnerability are linked to factors external to the studied system and interact at various spatial and temporal scales. now reveals the middle to recent Neolithic (fifth and fourth millennia) to have been one of the protohistorical periods when settlements were most populous. Accordingly, one of the issues raised by the LITAQ project findings is that of the decline of salt production throughout the Bronze Age, between a period of growth of this activity in the Neolithic, which we were far from having fully gauged, and the early Iron Age when salt production was plainly the main reason for the coastal marshes being frequented and developed (pontoon bridge). The main point of our interrogation concerns the explanation of the chronological gap between, on the one hand, the disappearance of traces of salt production -with its repercussion on traces of other production activities -from the early Bronze Age and, on the other hand, the climatic worsening of the late Bronze Age -characterized by climatic changes towards moister, more Atlantic conditions with lower summer temperatures and less severe winters -that affected all Europe and led to all Médoc sites to being abandoned, including that of La Lède du Gurp which had been occupied since Mesolithic times (Roussot-Larroque, 2007; Verdin et al., 2018) .
The chronological gap of some thirteen centuries between the early and late Bronze Ages strictly prevents us from interpreting climatic fluctuations around the first millennium as the main factor controlling changes in settlements of the Médoc peninsula. Therefore, the role of geoarchaeologists is to elucidate the natural forcings that allow a contextualization of the archaeological sites at spatial and temporal scales (Morhange et al., 2014) . This prompts us to analyse the relations between societies and climate through the double filter of behaviour with respect to environmental constraints and methods of resource exploitation (Allinne, 2006; Arnaud-Fassetta & Carcaud, 2015) . This geoarchaeological approach will lead us to analyse environmental modifications in terms of natural hazards and then to identify changes induced in the Médoc coastal environment by regional climate changes and the rise in relative sea level in the Bay of Biscay.
The density and spatial continuity of traces of ancient settlements along the Médoc coastline, especially between the beach at La Glaneuse (to the north) and the beach at La Lède de Gurp (to the south) ( fig. 4B ) are evidence, if not of uninterrupted polarization of activities and populations, at least of the attractiveness of the northern part of the Aquitaine coastline in protohistoric times. However, if the long-term attractiveness of an area is linked to its ability to draw and hold mobile production factors and/or populations (Poirot & Girardin, 2010) , the attractiveness of the peninsula cannot be gauged simply from it having been settled in early times, as far back as the Neolithic, because of the opportunities for salt production offered by the coastal environment of the Gironde and its central position along Europe's Atlantic coast which was suitable for exchanges between regions. The succession of relatively sustained economic activity -early to middle Bronze Age, early Iron Age, Antiquityand less dynamic periods -late Iron Age -is now well established (Verdin et al., 2015) to ponder the modes of decline and then resumption of salt production between these various periods. In addition to reconstructing the palaeoenvironmental evolution of the northern coast of the Médoc, it is important to investigate the scale of coastal sites in order to precize how ancien hazards and local populations did impact upon the coastal area (Morhange & Marriner, 2009 ).
-TRANSPOSITION OF THE HAZARD-VUNERABILITY-RISK-ADAPTATION SCHEME
As the know-how of salt workers has always rested on the optimal exploitation of natural (climatic, edaphic and maritime) conditions, here along France's Atlantic coastline (Hocquet, 1994; Cassen et al., 2006; Gouletquer & Weller, 2010) as in other parts of the world (Geslin, 1999) , it seems opportune to focus first on the variability of natural factors that might have boosted or restricted the activity. It shall thus be considered that the opportunities provided by the Médoc coastal environment may have been transformed into constraints or even threats to salt production.
Investigating palaeoenvironmental changes through the prism of natural risks involves looking through the archaeological and sedimentary records for traces of high-intensity events that induce dangers and changes in technical and territorial contexts as it has been possible to reconstruct them under the LITAQ programme (Stéphan et al., 2019, figs. 15-16) . In this way, the discovery in marsh levels unearthed in the northern part of the beach at L'Amélie of nodules (alios) remobilized by high-energy waves or currents points to locally more intense agitation of the environment in conjunction with the general climatic change of the Bronze Age and the intensification of potentially high-impact morphogenic storms. However, these depositional records are insufficient to define and describe a situation of risk. Risk necessarily implies the presence of populations and activities that are either directly -through the destructive effects of extreme events -or indirectly -through changes in the regional bio-physical context -exposed to natural phenomena. Accordingly, in order to avoid a vision of risk situations that is overly centred on hazard, dictated by the absence of data about the representation of risks by the populations involved, it seems expedient to address these risk situations through the double prism of palaeo-hazards and palaeo-vulnerability of the territory (Arnaud-Fassetta & Landuré, 1997 , 2003 , 2015 . Territorial palaeo-vulnerability is to be understood as a transposition to past times of the notion of territorial vulnerability, understood for all the Médoc coastal sites that are sensitive to variations in environmental operating parameters and whose reactivity to these agents may have disrupted the salt production system (D'Ercole & Metzger, 2009). The scientific challenge is to free ourselves from the reductive opposition between what appertains to nature (hazard) and what appertains to societies (vulnerability), and to allow ourselves to think about the interaction between the two terms and, in doing so, to acknowledge that protohistoric populations had a capacity to adapt that is often denied to them on the pretext that the proof of their adaptability, or adaptive capacity, often rests on an a posteriori interpretation of the synchronism between the environmental change and the social change in the broad sense (Antoine & Carozza, 2010) .
But adaptive capacity is not only difficult to gauge because of its latent nature. Related to the latency issue, another limitation involves adaptive assessment, inspired either by the vulnerability framework or the resilience framework (Engle, 2011). Assessments of adaptive capacity in the vulnerability framework are often performed at a single spatial scale and/or are merely 'snapshots' in time (Vincent, 2007) . Furthermore, descriptive case studies inspired by the resilience framework present methodological difficulties for measuring and characterizing adaptive capacity (Ostrom et al., 2007; Carpenter & Brock, 2008) . In accordance with what can be expected from an earth-science approach (Morhange & Marriner, 2009) , the LITAQ project permitted us (1) to demonstrate that diagnostic litho-and bio-stratigraphies, consistent with meteorological hazards and man-modified environments, are recorded in the geological record and (2) to date the transition from natural to anthropogenic environnements in the northern part of the Médoc peninsula. Nevertheless, the answer to the question "How did ancient hazards and local populations impact upon coastal zones?" (Morhange & Marriner, 2009) remains to be asked in light of a social sciences approach. Considering that the role of geoarchaeologists is to elucidate the natural forcings that allow a dynamic contextualization of the archaeological sites at different spatial and temporal scales (Morhange et al., 2014) , we will favour an approach, pulling initially from the resilience framework, that address the dynamic nature of coupled human/environnement systems (Turner et al., 2003; Engle, 2011) . Thus, beyond its proposal for a synthesis this article is an attempt to better understanding the coastal archaeological records by measuring/ characterizing adaptive capacity. It will involve looking at multiple periods in time leading up, during, and after a climatic event to evaluate whether systems prepared for and/or adapted to the stress.
-SOCIETAL RESPONSES BETWEEN ADAPTATION AND COLLAPSE
The chronological refinement of settlement dynamics of the Médoc peninsula during the Bronze Age (2200-800 BC) sheds new light on the much debated question of the adaptability of protohistoric populations to climate change. Although the break in sedimentary and archaeological records of the end of the first millennium, confirmed by the LITAQ project, seems to indicate populations were unable to adapt in situ to a changing environment brought about by climatic constraints (cooler and wetter climate) or the choice of more suitable habitat, changes in land use in the course of the preceding early Bronze Age and above all the middle Bronze Age (the development of agriculture to complement or replace salt production, the practice of depositing objects in water and wetlands) are indicative on the contrary of a genuine capacity to implement varied actions to attenuate their vulnerability in a context of transformation of the natural environment that may have compelled the abandonment of Neolithic sites which were buried by dunes between 750 BC and AD 300 (Stéphan et al., 2019, fig. 16B ). Do the techniques and practices associated with these new land uses not bear witness to the capacity of Médoc populations to innovate under pressure from environmental change and so attest to great resilience in the face of disruptive meteorological events?
In any event, the complexity of the rhythms that accompany the changes in settlement of the Médoc peninsula between the two phases of growth of salt production in the Neolithic and the early Iron Age are evidence of graduated responses over time to environmental change, with societal responses to environmental change having fluctuated in all likelihood, depending on the variability of risk factors and their interactions, between the two extremes of adaptation (Waters, 1992) and collapse (Diamond, 2005) . Among the factors liable to prompt adaptation or cause collapse of populations (Pelletier, 2011) , changes in the landscape of the peninsula as it has been possible to reconstruct them (Stephan et al., 2019, figs. 15-16) seem best able to illuminate the development and abandonment of salt production around the sites recorded. Without excluding the early appearance of technical innovation before the Iron Age during which the heating of salt water or brine in recipients over a hearth ("ignigenous" or firesource salt) is well established, such palaeogeographical changes plainly entailed changes in the state of natural resources -water, air, land, vegetation -jointly involved in the salt production system and in the relations between the coastal populations and the area they settled (Hilhorst & Bankoff, 2004) .
-DYNAMICS IN THE USE OF MÉDOC SPACE AND VARIATIONS IN THE STATE OF ITS NATURAL RESOURCES
-THE CLIMATIC DOWNTURN OF THE LATE BRONZE AGE AND ITS CONSEQUENCES
Described as a phase of climatic downturn even before the scale and chronology of salt production around the Médoc peninsula was established, the late Bronze Age is characterized both by a shift to wetter conditions due to the deterioration of climatic conditions -cooler and wetter (prejudicial to farming and fishing developed over several centuries) -and by morphological changes which likely impacted salt production by significantly reducing evaporation and a change from tidal-dominated to fluvial and marine processes. Beyond the greater number of potentially destructive storm events, attested to in particular by deposits with concentrations of nodules (alios) up to ten or so centimetres in size, it may be thought that the conditions for exploitation of Pleistocene clay terraces (unit 1a) and estuary mudflats from the first filling phase (unit 3b) were largely altered further to the opening of breeches through the line of dunes and the widening of two tidal inlets under the combined action of waves, tides and the river (Stéphan et al., 2019, fig. 15D ).
The insularization of the Médoc peninsula associated, in our hypothesis, with increased flow of the Gironde estuary and the relative strengthening of fluvial actions, in all likelihood entailed a change in the hydrodynamic regime and the mode of exposure of the coastal marshes. Although, as analysis of sedimentary records has confirmed, the periods of economic dynamism correspond to the main phases of sedimentation of the marshes which then form environments amenable to the development of varied human activities, we are entitled to infer that the break in the sedimentary and archaeological records of the end of the first millennium resulted from the advent of conditions of fluvial-marine agitation (semi-agitated mode) that may have eroded and submerged early and middle Bronze Age sites that had developed at relatively low elevations during the earlier sheltered period (calm mode). A radical change in the hydrodynamic regime that can be attributed to the transformation of the mouth of the Gironde from a single-arm into a multiple-arm outlet of the "estuarine-delta" type as in oceanographic terminology (Mihajlov in Carré, 2001) , might explain the regression of the Neolithic back-barrier marshes and the associated activities, even before the formation between 2575-1420 BP of the narrow elongate sandbar parallel to the estuary known as the cordon de Richard (Pontee et al., 1998 ) that led to progressive closure of the ancient outlets from these marshes into the estuary (Stéphan et al., 2019, figs. 3-4) . According to the proposed pattern of change, the challenge to the socio-economic system based in the early and middle Bronze Age on the exploitation of environments in unstable equilibrium with climatic conditions that were probably already changing, would seem to stem more from a progressive change in the physiographic setting of the estuary marshes than from the occurrence of extreme climatic events with highly destructive potential (catastrophic events).
-EXTRAPOLATION TO THE BEGINNING AND THE END OF PROTOHISTORY
While it is possible, within the limits of the accessible sedimentary and archaeological sources, to identify a break between Médoc societies and their coastal environment in the late Bronze Age, the scanter sedimentary records and archaeological evidence of the periods encompassing the Bronze Age, make it more difficult to interpret the environmental changes that occurred before, on the boundary of the Mesolithic and early Neolithic, and after, around the late Iron Age. The large chronological gap in settlement of the site of La Lède du Gurp in the late Bronze Age is correlated, as at the site of L'Amélie, with a phase of climatic downturn that brought about far-reaching changes in human societies (Verdin et al., 2019) . But unlike at the L'Amélie site, where resettlement in the early Iron Age occurred in a very different sedimentary context from that of the previous period of abandonment, the resettlement of the site of La Lède au Gurp in the middle Neolithic (Chassean) and its intensification at the end of the fifth millennium (4400 and 4000 BC) took place in the same sedimentary context that this previous period, namely in clay-sand inputs with a high peat content, containing many plant remains, that are visually much like the Mesolithic strata (Verdin et al., 2018; Faye et al., 2019) .
The chronological gap of two centuries (4 th -3 rd centuries BC) which, at both the L'Amélie and La Lède du Gurp sites and similarly to many places in Gaul, separates the early Iron Age settlement (8 th -5 th century BC) from the very tenuous settlement of the late Iron Age (2 nd -1 st century BC; Verdin et al., 2019) does not coincide, unlike the gaps at the hinge point of the Meso-Neolithic and late Bronze Age, with a phase of climatic downturn. On the contrary, this phase of abandonment of human settlement occurred in a period of relative warming marked by soil formation in a reducing environment of sand levels (unit 6) that previously covered the southern edges of the arm of the Gironde (palaeosol 0 dated between 40 BC and AD 300; see Stéphan et al., 2019, fig. 16B ) before being fossilized in turn by the northward shift of the first dunes (units 7 and 8, see Stéphan et al., 2019, fig. 16C ). A determining constraint here seems therefore not to have been climate but the transformation of a part of the backbarrier marshland, until then with surface connections to the ocean, into wet back-dune depressions ("lèdes" in Gascon dialect), subjected to a groundwater regime that was far less amenable to the development of coastal activities. Pending palynological analyses to validate the probable hypothesis that these depressions were home to freshwater vegetation, it is difficult to specify how and when the setting began its transformation. It will simply be noted that similar movements of dune systems, from the end of the Iron Age on, and that entailed the transformation of salt marsh into fresh-water marsh, have been observed elsewhere around the Bay of Biscay (Visset & Bernard, 2006) . The origin of these changes is subject to debate if it is considered that no significant fall in sea level -a factor many commentators have proposed to explain the change to fresh-water of lagoon marshes fed by streams (Cassen, 1987) -is recorded during the Holocene along the Atlantic coast of France (Stéphan & Goslin, 2014) . The breaks in settlement of the Médoc peninsula in protohistoric times are therefore due to the processes of destabilization of the conditions of exploitation of the environment and the vulnerabilization of activities which are far from systematically determined by climate. While the concept of climatic downturn very broadly holds for the period at the turn of the first millennium during which the deterioration of climatic conditions may have exceeded populations' capacities to adapt, it is more debateable for the Mesolithic/early Neolithic boundary, which is poorly identified in the sedimentary record, and it seems inappropriate for characterizing the changes to the environment at the dawn of the late Iron Age. More directly than changes in climate, it is the relation between morphogenesis and land use, by way of the state of natural resources that should be examined to clarify the forms of adaptation of protohistorical populations to environmental change and wider socio-eco-cultural changes as well.
-SALT PRODUCTION AND ITS ADAPTATION TO ENVIRONMENTAL CHANGES
The identification of correlations between the abandonment of the coastal sites of L'Amélie and La Lède de Gurp and the episodes of global atmospheric cooling known as "climatic downturn" (the "downturn" at the end of the 1 st millennium BC) or "rapid climatic events" ("the 8.2 ka BP event") has rather overshadowed the co-occurrence between on the one hand the two major periods of development of salt production, in the late Neolithic and the early Iron Age, and on the other hand the phases of intense morphodynamic instability of the dune cordon. Although the profile across the tidal mouth of the "Soulac channel" (Allen et al., 1974; Pontee et al., 1988) between 5000 and 3000 BC has been identified from the elevation of the coarse marine sands marking the bottom of a vast tidal channel (unit 2a, see Stéphan et al., 2019, fig.7 ), its closure under the levelling action of oceanic swell, although it remains to be dated, probably marks the end of a phase of great instability of landforms, against which populations seem to have defended themselves by settling preferentially on the inner side of the inlet (see Stéphan et al., 2019, fig. 16B ). The resettlement from the early Iron Age (8 th -6 th centuries BC) of back-barrier marshes formed in the lee of the sandbar, in marshland that was successively occupied and then abandoned during the Bronze Age (see above), fits into a context of instability that is well known throughout north-western Europe (Sorrel et al., 2012) where it is correlated with an episode of cooling and increased storminess around 1000-700 BP (Van Geel et al., 1996) . This demonstrates that the signification of signals of hydroclimatic and hydrosedimentary changes in the stratigraphic sequences of the Médoc coast is far from unequivocal and that populations at certain times managed to adapt to alterations in the environment induced by climate change.
The co-occurrence between the two main periods of development of salt production and the two marked phases of transformation of the coastal landscapes suggests we should take into account the geographical dimension of salt production by considering more closely how this spaceconsuming activity fitted in with settings that were being spatially re-shaped. The correspondence emphasized by F. Verdin et al. (2019) between periods of economic dynamism and the main phases of sedimentation of the back-barrier marshes is no chance matter. It underscores a deliberate choice of production sites providing not just protection against the action of swell but above all vast intertidal areas with possibilities of exploiting salt pans, as has been shown for the coastal bays of southern Armorica (Cassen et al., 2006) and for tropical mangrove estuaries (Bertrand, 1993; Geslin, 1999 ).
The fact is that in the context of a wet and comparatively warm climate in the protohistoric period under consideration, salt production could not have been feasible without abundant resources of salt land. From this point of view, one of the most noteworthy contributions of the LITAQ project is most certainly to have enabled the dating of a series of pits lined with stakes, planks or wickerwork (beach at L'Amélie: ST1, ST4, AML-N-004), known until then to be abundant on the beaches of Nord-Médoc (Verdin et al., 2015) but not associated with any series of operations until now. The peaty backfill of the pits and their truncation by marine erosion ( fig. 3A) suggests that it cannot be directly determined for what they were excavated for. But the proximity of many other types of remains (heating structures, areas for discarded items), linked with salt production, now shows that these structures were part of the salt production operations, taking advantage of the complementary features of the different landscape elements of the setting, in particular the salt pans developed on tidal salt marshes.
These structures are reminiscent of the circular excavations interpreted in several geographical areas of western Europe such as washing and/or filtering pits (Cassen et al., 2006) . They may be considered to be a technical answer to local constraints on the production of a commodity of high trade value representing a major economic challenge in the context of trade networks for rare goods over the long term (Carozza et al., 2009) . The structures attest more generally to the capacity of adaptation and/or the opportunism of Médoc populations to adapt to the hydrogeomorphological changes induced by climate change through their understanding of the variations in the sediment budget which were sometimes favorable (accumulation) and sometimes unfavorable (excavation) to saline activity. When set in the chronostratigraphic and palaeoenvironmental frameworks of the Médoc peninsula, salt production seems to have been used in the Neolithic and early Iron Age as a form of adaptation to long-term morphological change in the Gironde Estuary rather than to hazardous events in the true (short-term) meaning of the term.
-THE WORKING OF THE SALT PRODUCTION FEATURES IN QUESTION
The probable disappearance of many of the remains (ceramics, miscellaneous developments) associated with the essential stage of production consisting in obtaining brine, prevents any reconstruction of the precise spatial layout of the salt-makers' workshops. The distribution of vegetation resources required to boil and crystallize the brine is very hypothetical.
Judging from the varied nature of the sedimentary horizons on which the salt production structures rest, the exact functions -settling or collection-remains to be clarified. Their location seems comparatively independent with respect to the energy sources required to evaporate the natural brine (sea water) or artificial brine (from lixiviation of sand). The connections between the resettlement of the site at La Lède de Gurp (fig. 4A ) in the early Iron Age (6 th century BC), the making of fire-source salt and the reactivation of the peat bog that may have supplied fuel, do not apply to the site of L'Amélie-Nord. Indeed, the discarded briquetage may, as at La Lède de Gurp, have been transported from nearby production zones whereas the oven "in position" was found in peat not clay horizons. In a sedimentary production context that is less difficult to characterize in the Neolithic, pits and wickerwork observed in the middle part of the stratigraphic sequence of La Lède du Gurp and in the central part of the beach at L'Amélie (ST 4) were positioned on different types of bedrock: a peat-sand interface at La Lède du Gurp, and a clay-sand interface at L'Amélie implying in the latter case a supply of timber for fuel from nearby woods.
The highly variable nature of the sedimentary underpinnings of the salt manufacturing sites in the narrow sense leads to the placing of this decisive phase of the salt production process within operational sequences that vary with site and period depending on the evolution of the environment and the relative arrangement of the various landscape features (tidal channel, intertidal flat, dry land wood stands) involved in production. Our understanding of the way the various developments associated with salt production worked depends closely on the reconstruction of the environment that we are able to propose. The pits with wickerwork or timber walls may have been the bottom of collection structures. But it must be ascertained whether the ground water was fresh -and so for drinking or washing sand particles -or salted -and so directly used for brine production. From what levels was the water drained off? From a higher dune level or from a level close to the present day one, and so flush with the marsh (schorre or slikke)? If these structures were open in wetlands, were they used seasonally when the saltmarsh dried or were they filled with brine in a mudflat context? These pits may also be interpreted as storage tanks for fresh or salt water, which raises exactly the same questions. Lastly, if some are similar to sand washing structures, it has to be imagined they were sited on the edges of marshes. All of these questions recall the decisive role of availability of water in salt production systems and underscore the value of being able to reconstruct the hydrological parameters of past fluvial systems as well as freshwater supply and marine influence (Baker, 2008) . It will be observed here that one of the original features of the Médoc hydrogeosystem is that it benefited from a very early stage from the capacity for storage ("water tower" effect) and resupply of a complex dune system, the impermeable character of some of its "layers" (Gurp clays, perched nodular (alios) palaeosols) gave rise to, as can be seen from the current cliff retreat, seepage and resurgence, characteristic of the dune hygrosere (Blanchard & de Cacqueray, 2010) . While the past dynamics of resurgence and seepage seem impossible to reconstruct precisely given the intermingling of the factors involved (stratigraphy, sedimentary record, landslips) and the disappearance of the perched layers that are impermeable to water there is every reason to believe that the various compartments of the dune hygrosere have multiplied the zones for drawing fresh water and rinsing sand, as well as for water consumption and human settlements.
-CONCLUSIONS
Expressing both the climate change "experienced" by societies and the contribution of the long time scale to the construction of the regional economic structure, the dense and unbroken scatter of archaeological remains along the beach of L'Amélie or concentrated in the formerly hanging basin of La Lède du Gurp supplements the climatic data recorded by and in the exceptional stratigraphic sequences of these two sites. The renewed abundance of signs of settlements in the periods of the early/middle Bronze Age and the early Iron Age confirmed by a contrario reasoning the correlation between the deterioration in climatic conditions and human abandonment of the coastal environment over the intermediate period of the late Bronze Age. But the many material traces of change in the form of settlements of the area during the periods of intense morphodynamic instability attest also to the capacity of protohistoric populations to adapt to the effects induced by climate change. The risk-based approach to settlement dynamics of the Médoc coast in protohistoric times thus supplements the approach using analysis of sedimentary sequences, palaeoenvironmental data and archaeological remains emphasizing the varying degrees of sensitivity and resilience to change of natural environments and societies ( fig. 5) . The distinction between these two concepts seems essential to any transposition of the concept of vulnerability to past times. Indeed, the amplitude to which a coastal system or a system component (marsh) can experience losses as a consequence of disturbances (sensitivity) does not pre-judge the tendency of the system to return or not to an equilibrium position after a disturbance (resilience), or in other words its "dynamic" stability (Bertrand, 2008) . Indeed, human can manage social-ecological interactions in a manner that maintains the system state (i.e. the more adaptive capacity within a system, the greater the likehood that the system will be resilient in face of climate stress) (Engle, 2011) . Vulnerability to climate can be represented by a lower boundary, or critical threshold below which negative impacts might be tolerated or not, depending on the range of climate variability ( fig. 6 ). Thus it seems that the Médoc coupled human/environmental system tolerated some large part of the range of climate variability in the Northern Hemisphere from the Latest Mesolithic to the Early and Middle Bronze Age normally experienced, i.e. when the difference with respect to the long-term average temperature (the temperature anomaly) was less than -0.2°C or 0.2°C. Within this range of variability, or coping range according to Hewitt and Burton (1971) , climate variable, either primary or compound variable dependent on primary variables, might have varied from tolerable to beneficial. Following this scheme, the negative anomaly -0.2°C represents the upper boundary beyond which adaptation might have become a necessity considering the inacceptable levels of harm.
Thus, the resettlement from the early Iron Age (8 th -6 th century BC) of back-barrier marshes formed in the shelter of the line of dunes, in a regional context of cooling and increased storminess, is evidence both of great sensitivity and great resilience of the Médoc coastal system unlike the late Bronze Age when populations' capacity to adapt seems to have been insufficient to counter the constraints induced by a cooler and wetter climate. In the regional context of change between the Neolithic and Late Antiquity, the expansion of salt production enabled coastal populations to reduce their vulnerability by providing the means to operate, at certain times. Regardless, salt production thus comes across as a factor of medium and long-term resilience. Flexible adaptation strategies like salt production were successful in reducing vulnerability during the early Iron Age (8 th -6 th century BC) not long after the period of Bronze Age crisis. Conversely, the longer duration of the 8200 BP "event" compared to the Late Bronze period and the rapidly changing climate from the Late Mesolithic to the Early Neolithic compared to the climate instability of the Iron Age may have impeded the ability of older communities to cope with the consequences of climate deterioration or to take advantage of opportunities. et al. (2003) , indicates the relationship between coping range, critical threshold, vulnerability and temperature considered as a key indicator of changes in the climate throughout the course of the Holocene. The coping range represents the tolerable climate (in both value and variability) that a system can endure at a given time given its vulnerability and resilience characteristics (Quenaut, 2014) . The coping range boundaries lie about 0.2°C below the average value of reconstructions temperature proxies in the Northern hemisphere (Davis et al., 2003; Moberg et al., 2005) . Fig.6 (Quenaut, 2014) . La limite de la plage de tolérance se situe autour de 0,2°C au-dessous de la valeur moyenne des températures annuelles reconstruites dans l'hémisphère nord (Davis et al., 2003 ; Moberg et al., 2005) .
